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$H_{N}= \sum_{i=1}^{N}\frac{p_{i}^{2}}{2}+\frac{1}{N}\sum_{i\neq j}^{N}V(q;-q_{j})+\sum_{i=1}^{N}\Phi_{ext}(q_{i},p;, t)$
(1)
$p_{i}\in \mathbb{R}, q_{i}\in[-\pi,\pi), i=1,2, \cdots,N,$




$\mathcal{H}_{0}[f]=\frac{p^{2}}{2}+^{r}V[f](q, t)$ , (2)
$tV[f](q, t) \equiv\int\int V(q-q’)f(q’, p’, t)dq’dp’$
$\{a,b\}$ Poisson




$0$ Vlasov (2) $f_{0}(q,p)$
$0$ $\Phi_{ext}$ 1
fi $(q,p, t)\equiv f(q,p, t)-f_{0}(q,p)$ $B(q,p)$
$\langle B\rangle_{1}(t)\equiv\int\int_{\mu}B(q,p)f_{1}(q,p, t)dqdp$ (4)
$O(\Phi_{ext})$




1 $[g]$ $\equiv$ - $\{\mathcal{H}[$ $], g\},$
fi $(t)=- \int_{0}^{t}e^{(t-s)Xc}(\{\gamma[f_{1}](s),f_{0}\}+\{\Phi_{ext}(s),f_{0}\})ds$ (6)
$B(q, p)$ $\mu$





















$I=\{m\in Z|\hat{v}_{m}\neq 0\}$ , #$I$ II $\tilde{\rho}_{1}=(\tilde{\rho}_{1,k}(\omega))_{k\in I},$ $F(\omega)=$







HMF HMF $II=\{-1, +1\}$








$p_{i}\in \mathbb{R}, q_{i}\in[-\pi,\pi), i=1,2, \cdots,N,$
$h(t)$ $t\leq 0$ $h(t)=0$ 1
$f(q,p, t)$ 1 Vlasov
$\frac{\partial f}{\partial t}+\{\mathcal{H}_{0}[f]-h(t)\cos q,f\}=0,$
$\mathcal{H}_{0}[f]=\frac{p^{2}}{2}-\int\int\cos(q-q’)f(q’,p’, t)dq’dp’$
(19)
$f_{0}(q,p)$ $fi(q, p, t)$ Vlasov
$\frac{\partial f_{1}}{\partial t}=-t\mathcal{H}_{0}[f_{0}],f]\}+\{M_{x}[fi]\cos q+M_{y}[f_{1}]\sin q+h\cos q,f_{0}\}$ . (20)
HMF $=(M_{x}, M_{y})$ ,
$M_{x}[f](t)= \int\int\cos qf(q,p, t)dqdp,$ $M_{y}[f](t)= \int\int\sin qf(q,p, t)dqdp$ (21)











$C^{m}(J) \equiv\frac{1}{2\pi}\int_{\pi}^{\pi}\cos q(\theta, J)e^{-im\theta}d\theta, S^{m}(J)\equiv\frac{1}{2\pi}\int_{\pi}^{\pi}\sin q(\theta, J)e^{-im\theta}d\theta$. (24)
1
$f_{0}(q,p)=F_{0}( \epsilon(q,p)) , \epsilon(q,p)=\frac{p^{2}}{2}-M_{0}\cos q, \vec{M}[f_{0}]=(M_{0},0)^{T}$ , (25)
$h(t)=arrow(h\Theta(t)\cos(\omega_{ext}t), 0)^{T}$ $M_{X}$
Vlasov $\Theta(t)$ Heaviside (22)























$(q,p)$ $64\cross 128,128\cross 256,256\cross 512$
semi-Lagrangian $M_{1,x}$ $200\leq t\leq 500$
[7]. $E$ $K$ 1, 2 [13]
$k=\sqrt{\frac{\epsilon+M_{0}}{2M_{0}}}, \overline{f_{0}}(k(q,p))=f_{0}(q,p)$ (29)
Maxwell-Boltzmar
$f_{0}(q,p)= \frac{1}{2\pi I_{0}(\sqrt{}M_{0})}\sqrt{\frac{\beta}{2\pi}}\exp(-\beta(p^{2}/2-M_{0}\cos q))$ (30)










$M_{1,y}(t)= \frac{1}{2\pi}\int_{i\sigma-\infty}^{i\sigma+\infty}\frac{1-D_{y}(\omega)}{D_{y}(\omega)}\frac{h_{y}}{\omega}e^{-i\omega t}d\omega$ (31)
(25) $D_{y}(O)=0$ [14], (31)










$D(\omega)=D(-\omega^{*})^{*}, \forall\omega\in \mathbb{C}$ (33)
$1-D(\omega)\sim 1, D(\omega)=(\omega-\omega_{L})(\omega+\omega_{L}^{*})\varphi_{0}$ (34)
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